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Abstract
The Mesoproterozoic Kibaran belt of central Africa contains numerous quartz and pegmatite veins
hosting fabulous tin and colombite-tantalite mineralization supposedly linked to the post Kibaran, per-
aluminous granitoids emplacement. The Kalima and Mitwaba Tin Provinces documented in this paper
include several mined tin and niobium-tantalum deposits that are distributed around peraluminous
granitic batholiths. These areas are affected by two major deformation phases; the DI is E- W to ENE-
trending in Mitwaba area and swings further north to become NW in the Kalima area, whereas the D2
is oriented NE to NNE. Detailed mapping of tin and colombite-Tantalite-bearing quartz and pegmatite
veins from individual key mined areas indicate that most of mineralized ores postdate the DI deforma-
tion event. Over 80% of mineralized veins are oriented parallel to the NE-trending D2 fabrics in host
granitic and metasedimentary rocks. However, some of these ores are undeformed and oriented NW-
SE to E-W. Mesoscopic left- and right-lateral displacements of some NE-trending mineralized veins
and the occurrence of braided and brecciated ones, some of them boudinaged or folded with axial
planar fabrics parallels to D2 Kibaran fabric, indicate a syn-kinematic D2 emplacement of these quartz
and pegmatite veins and their mineralization within it, questioning their postulated post- kinematic
emplacement.
Although some quartz- and pegmatite- bearing tin mineralization in the Kibaran belt might be linked
to the emplacement of post- kinematic peraluminous granitoids as observed in some occurrences in
Mitwaba area, the syn -ore, NE- trending D2 fabric constitutes an important structure system as chan-
nelway for ore fluids. Structural data indicate that tin and colombite-tantalite mineralization formed
syn - kinematically with respect to D2 deformation phase around 1.08 Ga (PI - type veins) whereas tin-
bearing and colombite-tantalite-free veins (P2-type veins) post-date the D2 deformation event which
age is not yet well constrained in the Kibaran belt.
The structural control of mineralized pegmatite and quartz veins in the Kibaran belt throws light
on exploring new ore bodies.
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1. Introduction
The close association of tin - group mineralization
and granitic rocks has been accepted by many geolo-
gists (e.g. Hosking, 1967; Klominsky and Groves, 1970;
Chappell and White, 1974). Global maps showing the
distribution of tin occurrences indicate that tin-group
minerals are closely associated with peraluminous gran-
itoids. Similarly, Flinter (1971) observed that granitoids
associated with tin mineralization in Malaysian Tin
Province are peraluminous, ilmenite and monazite-bear-
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ing series, whereas the titanite-allanite series granitoids
occurring in the same area are tin - free.
The Mesoproterozoic Kibaran orogenic system of
eastern central Africa documented here is a linear belt
stretching NE-SW from Katanga (Kibarides) to Kivu
Province of Democratic Republic of Congo, hereafter
referred to as Congo (Fig. 1). It hosts abundant pera-
luminous granitoids emplaced ca. 1.38 Ga (Kokonyangi
et aI., 2003a) and tin-bearing granites intruded ca. 1.0-
0.95 Ga (Cahen et aI., 1984; Caron et aI., 1986; Ikingut'a
et aI., 1992; Pohl, 1994; Romer and Lehmann, 1995).
These granitoids are characterized by important Sn, Nb-
Ta, W, Au, Be, Li and U mineralization commonly
hosted in quartz and pegmatite veins. However, the ori-
gin and timing of formation of the mineralization are
not well understood in the Kibaran and this certainly
comes from the poor availability of detailed petrologi-
cal, structural and geochronological data from this belt.
Several attempts have been made towards the
proposition of a proficient metallogenic models explain-
ing the tin - group mineralization in the Kibaran belt
(e.g. Aderca, 1950; Bassot and Morio, 1989; G,nther
and Ngulube, 1992; Ngulube, 1994). Most of these
models consider that the mineralization processes could
be linked to the late- to post- kinematic granite activ-
ity because tin and colombite-tantalite are commonly
found at the marginal hydrothermal and pegmatitic por-
tions of granitoids (e.g. Figs. 2 and 3).
In this paper, the geological relationships between
Kibaran peraluminous granitoids, their host metasedi-
mentary rocks and mineralized quartz and pegmatite
veins exposed in two key mined tin provinces (Kalima
and Mitwaba) are described to constrain the timing of
formation of the mineralization and their relation with
Kibaran deformation phases. Furthermore, segment of
the Mesoproterozoic Kibaran belt exposed in southern
Zambia is compared to its Congolese counterpart in
order to assess the broad implications for the evolution
of the Kibaran orogenic system of central and southern
Africa using its metallogenic potential.
2. Importance of colombite-tantalite and tin in mod-
ern technology
Tin (Sn) is the main are of cassiterite (Sn02, Fig.
4a). It is a tetragonal, black to reddish, yellow or brown
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Fig. 1 Sketch map showing the distribution of the Kibaran belt segments in
southern and central Africa. The Kalima (white circle, Fig. 2) and
Mitwaba (open square, Fig. 3) Tin Provinces are approximately located.
Also shown on this Figure are the Congo (C), Tanzania (T), Bangweulu
Block (B) and Kalahari Cratons (K).
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Fig. 2 General geological map of the Kalima Tin-Province showing the distribution of tin-
group mines around Kalima granitic batholith. Major trends of FI and F2 folds are
also shown. Open pentagons locate the mappecl open pits which results are shown in
figures 6a-c1.
mineral known from ancient times and used in many
metallurgical industries. It is commonly associated with
granitic rocks, pegmatites and quartz veins, including
their secondary deposits. Cassiterite is usually associ-
ated with tourmal ine, monazi te, molybden ite, topaz,
colombite-tantalite and bismutite. Their unique com-
binations of proprieties such as non-toxicity, high mal-
leability, chemical inertness and easy amalgamation
with other metals have given tin a special status among
non -ferrous metals. The major uses of tin are, maki ng
tin plates (~40%), soldering (~20%) and as alloys (~
15%), The other significant uses are in chemical, phar-
maceutical and automobile industries (Sabou, 1994).
Colombite-tantalite (Fig. 4b) in turn is a solid-
solution oxide with chemical formula: (Fe, Mn) (Nb,
Ta)206. It is an orthorhombic, shiny black to grey min-
erai showing clark red to black streak, commonly asso-
ciated with granitic pegmatite and related quartz veins.
Secondary deposits are also common. Colombite-tan-
talite is usually accompanied with cassiterite, beryl,
muscovite, ilmenite and lepidolite.
It is a dull metallic ore found in major quantity in
the eastern Congo within the Mesoproterozoic Kibaran
belt. When refined, it becomes metallic tantalum, a
heat-resistant powder that can hold a high electrical
charge. These proprieties make colombite-tantalite a
vital element that controls current flow inside miniature
circuit. Tantalum capacitors are used in almost all cell
phones, laptops, pagers, nuclear reactors and other elec-
tronics. The recent technology boom caused the price
of colombite-tantalite to skyrocket to as much as 400
American dollars per kilogram, as companies such as
Nokia and Sony struggle to meet the world demand (e.g.
Delawala, 2002).
3. Regional geology of the Kibaran belt
The NE-trending Kibaran belt in central Africa
was first defined by Robert (193 I) ancl includes several
segments extending over 3000 km from the Katanga
province of Congo through Kivu, Rwanda, Burundi,
Tanzania and ends in Maniema province of Congo,
where it swings to become NW -SE, following the trend
of the eastern margin of the Congo Craton (Fig. I). The
130 Structural constraints on cassilerite and colombite-lal1lalite mineralization in the Kibaran belt. cenlral Africa
probable] Faults
Mapped
Kabonvia granodiorite augen gneiss
o Kisele monzogranite gneiss
J.-. SI
.-« S2 )I( Tin-coltan mines
o Post Kibaran
Mesoproterozoic
E3 Kisandji granite
lill Mulumbi group metasedimentary rocks
m Kataba conglomerate
o Fwifwi leucomonzogranite
.-«Nyangwa
%1' . ...J:/: ..
~"-~~'I>c,o
'I>"\:>
~'h#
• .f 'I>"?f.~ -lb .c,""
a' N/. 1,.o1J _ Mitwaba mafic igneous rocks
0""- !~,,-o~<; 0 Mitwaba group metasedimentary rocks
o 20 kmI- ---or..- .L..!:'===='--+ 90
27° 28°
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belt is bounded to the southeast by the Palaeoproterozoic
Bangweulu Block, to the northeast by the Archaean
Tanzania Craton and to the west by the Archaean Kasai-
Congo Craton (Fig. 1). It represents a Mesoproterozoic
orogenic system that operated about 400 Myr, i.e.
approximately from 1400 to 1000 Ma (e.g. Kampunzu
et aI., 1986; Klerkx et aI., 1987; Kokonyangi et aI.,
2003a,b). It includes two main compressional defor-
mation events; DI around 1380 Ma: Kifingan orogenic
phase and D2 bracketed between 1100 and 1000 Ma:
Manieman phase (e.g. Hall et aI., 1998; Tack et aI.,
1994; Kokonyangi, 2003a,b).
The Kibaran Supergoup metasedimentary sequences
include low to medium -grade metapelites, grey wacke,
quartzite including Fe- Ti oxides - bearing quartzites and
conglomerates, with minor carbonate and volcano-sed-
imentary assemblages (Cahen, 1954; Cahen et aJ., 1967,
1984; Kokonyangi, unpublished data). Although the
timing of deposition and provenance of these sediments
have never been investigated, they are supposedly con-
sidered to be of Paleoproterozoic age, based on a U - Pb
SHRIMP age obtained on inherited zircon core from the
Mitwaba S-type granitoids (Kokonyangi et aI., 2003a).
The metasedimentary rocks are intruded by large
amount of felsic and mafic rocks (Cahen, 1954; Klerkx
et aI., 1987; Kampunzu et aI., 1986, 1998; Tack et aI.,
1994; Fernandez-Alonso and Theunissen, 1998;
Kampunzu, 2001, Kokonyangi et aI., 2003a, b). Kibaran
supracrustal metasedimentary and igneous rocks are
affected by two main compressional events (DI and D2)
and a major extensional collapse-D3 (Burg et aI., 1986;
Kampunzu et aI., 1986, 1998; Rumvegeri, 1991; Tack
et aI., 1994). The timing of these deformational events
are not yet well constrained but are inferred to be in the
bracket of 1400-1000 Ma (Robert, 1931; Cahen, 1954;
Cahen et aI., 1967, 1984). Kampunzu et al. (1998) and
Kokonyangi et al. (2003a, b) consider that the first event
represents an active continental margin process around
1.38 Ga and the second event marks a continental col-
lision (1.1 to 1.0 Ga), with production of tin - bearing
granites (e.g. Caron et aI., 1986; Pohl, 1994). The two
investigated Tin Provinces; the Kalima and Mitwaba are
approximately located in Figure 1.
4. Kalima Tin Province
4.1. Geological background
The Kalima Tin Province (Fig. 2), located in eastern
central Congo (Fig. 1) is among the largest operating tin-
group mines in Congo. The mining operations were per-
formed by a Belgian company called "Societe Miniere
et Industrielle du Kivu", in short SOMINKI, although
the mining operation are currently stopped due to the
political flux in the country.
In Kalima area, the identified sedimentary succes-
sion defines six informal lithostratigraphic units, namely
Bunza, Ngongomeka, Batamba, Bengombiri, Makundju
and Isongo units. Most of these units are predominantly
siliciclastic rocks, dark to black, pyrite-bearing,
quartzite and metapelites (Makoka, 1995; Bulambo,
1995; Kokonyangi, 1995). Metamorphosed mafic
igneous rocks are interstratified within the sedimentary
package and represent the Ngongomeka unit. The age
and geochemical signature of these mafic igneous rocks
are not known. The Mesoproterozoic metasedimentary
and metamorphosed mafic rocks were intruded by large
masse of leucogranite representing the Kalima batholith
(Fig. 2), which in turn is intruded by numerous tin and
colombite -tantalite - bearing quartz and pegmatite veins.
This leucograni tic batholith contains the following min-
erals: quartz, alkali feldspar, albite-oligoclase, primary
muscovite, biotite, garnet, apatite, zircon and tourma-
line. The above mineralogy is consistent with the per-
aluminous nature of this granitic batholith (Bulambo,
1995; Kokonyangi, 1995; Makoka, 1995). Most of
rocks exposed in the Kalima area are of unknown age
and their Mesoproterozoic age has been established by
analogy with Kibaran terrains exposed in the immedi-
ate vicinity. The age of the tin mineralization is also
unknown but correlative tin - granites exposed east of the
study area in Kivu, Rwanda and Burundi yielded Rb-
Sr whole rocks, Ar- Ar and U - Pb colombite age of ca.
1.0 Ga (Cahen et aI., 1984; Ikingura et aI., 1992; Romer
and Lehmann, 1995). Due to the lack of geochrono-
logical data, the structural relationship between miner-
alized veins, deformation phases and host sedimentary
and plutonic rocks documented in this paper are useful
for identifying the relative timing of the tin and nio-
bium -tantalum ore formation of in this area.
4.2. Structural features in relation to granite, min-
eralized quartz and pegmatite veins
The structural elements collected in the Kalima
area lead to the identification of two deformation events.
These two deformations are hereafter named D I and D2.
DI structures are represented by a NW-SE-trending SI
schistosity which is defined by axial planar cleavage of
regional and mesoscopic asymmetric folds (FI, Fig. 2).
FI folds are SW verging and fold axes are sub-hori-
zontal (e.g. Makoka, 1995). This deformation fabric
affects the KaJima peraluminous granitic batholith but
is not observed within the mineralized quartz and peg-
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matite veins, indicating that mineralization and their
host veins postdate the OJ. Figure 2 shows that 01 fab-
rics exhibit at the margin of the Kalima batholith, a
NW -trending ductile mylonitic foliation which is par-
allel to the axial plane of Fl folds observed in the host
metasedimentary rocks. Similarly, the axial plane of
this anticline varies and closely molds the granite mar-
gin without cutting it. The fabric pattern within the
country rocks defines a triple junction at the NW and
SE of the Kalima batholith. All these observations are
consistent with the syn - kinematic 01 emplacement of
the Kalima granitic batholith. 02 structures in Kalima
area are NE-trending isoclinal folds and related axial
planar cleavages (S2) which generate interference pat-
terns in the Kakaleka area (Fig. 2), where they intercept
01 fabrics.
The margins of the Kalima gramtiC batholith are
surrounded by numerous pegmatitic bodies and quartz
veins with Sn, Nb-Ta, W, Li, Be and Au; cutting both
granite and host sedimentary sequences. Mineralization
is commonly disseminated in the pegmatitic bodies and
in their marginal muscovite-rich portions (greisen, Fig.
5). Ore paragenesis in Kalima includes cassiterite,
colombite-tantalite, scheelite, muscovite, tourmaline and
monazite. Pegmatites are composed of quartz megacrysts
with undulatory extinction, sericitized feldspar, abun-
dant muscovite flakes and cassiterite- niobium - tantalum
laths with monazite and tourmaline as major accessories
(Kokonyangi, 1995). The Kalima tin district includes
several open pits, mining Sn and Nb-Ta (colombite-
tantalite), distributed around the granitic batholith (Fig.
2). The important pits are: Tulu, Isongo, Bunza,
Bengombiri, Kikambe, Kakaleka, Masimelo, Batamba,
Baselele, Kalima, Nakenga, Salukwango, Kwanga,
Atondo among others. Among these open pits, smaIl-
scale mapping of cassiterite and colombite-tantalite
from pegmatite and quartz veins in three important
mines (Bengombiri, Masimelo and Kwanga, Fig. 2) are
shown in Figures 6a -e. This detailed small-scale map-
ping of individual mines indicates that mineralized
quartz and pegmatite veins are not randomly distributed.
Over 80 % of mineralized ore bodies define NE-SW to
//,/////
Field of view 1.8 m
S2
Tin-bearing undeformed pegmatite body (p2-type)
Quartz veins
Mineralized quartz veins (PI-type)
Mineralized quartz masses (PI-type)
Greisenised zones rich in tin- colombite-tantalite (P I-type)
Mesoproterozoic granitic gneiss
Mesoproterozoic metasedimentary rocks
Fig. 5 Field sketches showing cross-cutting relationships and various occurrences of the mineralization in the studied
areas. a. Relationship between PI- and P2-types mineralization near Tompwe area (northern Mitwaba). c. Tin
and colombite-tantalite mineralization (PI-type) in Bengombiri open pit (western Kalima).
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NNE-SSW trends. Field observations show that most
of mineralized pegmatite veins are affected by the D2.
The frequent occurrence of braided and brecciated min-
eralized veins, some of them boudinaged or folded, with
traces of necks of boudinages and axial planes of folded
veins parallel to Sz Kibaran structures (e.g. Figs. Sa, 6c
and 7d), indicate the syn-ore NE-trending Dz-related
fabrics constitute possibly a dominant channelway for
ore fluid in the Kalima area.
5. Mitwaba Tin Province
5.1. Geological background
In the Mitwaba Tin Province (Fig. 1), low- to
medium - grade metapelites, quartzites and conglomer-
atic intercalations trending NE-SW are intruded by
mafic igneous rocks and granitoids. The most impor-
tant granitic plutons are the Kifinga - Kisele batholith
and subordinate satellite bodies, such as Nyangwa,
Kungwe-Kalumengongo and Kisandji plutons (Fig. 3).
The Kifinga - Kisele batholith is the largest granitic body
in the region and consists of the following individual
intrusions: Kabonvia granodioritic augen gneiss, Kisele
foliated monzogranite, Fwifwi leucogranite (Kokonyangi
et aI., 2001). The crystallization age of these plutons
is well constrained by recent U - Pb zircon SHRIMP
investigations which yielded age of ca. 1.38 Ga
(Kokonyangi et a!., 2001, 2003a). All the plutons
exhibit sharp contact with metasedimentary rocks of the
Mitwaba Group and contain abundant foliated xenoliths
of country rocks (Table 1). The central parts of the plu-
tons show weaker foliation whereas the margins display
a stronger solid-state fabric, warping the margins of the
granites. All the studied granitoids contain foliated
biotite-muscovite rich restitic clots (surmicaceous
enclaves of Didier, 1973; Table 1). The contact aure-
ole is represented by the occurrences of porphyroblasts
of biotite and garnet in metapelitic rocks and hornblende
and garnet in mafic igneous rocks (Table 1; Kokonyangi
et aI., 2001).
The Mitwaba granitoids are two-micas, ilmenite
and monazite - bearing granitoids (Table 1), showing a
range in composition from granodiorite (67 wt% SiOz)
to monzogranite (77 wt% SiOz). The alumina-satura-
tion index ranges between 1.04-1.53, indicating that
these rocks are peraluminous (Kokonyangi et a\.,
2003a).
5.2. Structural features in relation to granitoids and
mineralized ore formation
Structural investigations conducted in the Mitwaba
area lead to the identification of two major deformation
Table 1 Summary of field and petrographic characteristics of Mitwaba 1.38 Ga granitoids
KIFINGA-KISELE BATHOLITH (ca. 75 x 60 km)
KABONVIA KISELE FWIFWI NYANGWA KUNGWE-
KALUMENGONGO
0 1and FI minor folds, O2
0,. O2and F1 minor folds 0" O2and marginal 0" O2and F2 mesoscopic 0" O2, shear zones
mylonitic foliation folds associated to 0 3
Grt-Bt hornfels N.O. Grt-Hb hornfels N.O. N.O.
Tin and Green tourmaline NO Tin, Coltan in qrtz veins N.O. Tin-Coltan in pegmatite
and quartz
ote: c: core, r: nm. x: present, xx: a un ant, s: seeon ary, rt: gamet, t: lOute,
XMg= MglMg+Fe; calculated in molar ratios
xx
monzofl,fanite
old zircon core
surmicaceous
x
x
rnonzofl,fanite
old zircon core
sunnicaceous
.: not 0 serve, metase.: etase lments
xx xx xx
x xx
xx x xx
x x xx
xx xx xx
s s s
s s s
x x xx
: om ene,
x
monzofl,fanite
old zircon core
sunnicaceous
ante,
x
xx
xx
x
S
S
x
30 - 35 up to 55 38 - 43 39 - 42
29 - 30 (Or9\.96 Abj.4) 10- 19 (Or93 Ab6An,) 12 - 22 (Or98 A~) 8 - 22. (Or74.89 Ab26.11 )
32 - 40 (c: An ,2.,3 Ab86 , 25 - 35 (An7.IO Ab91 .8423 - 37 (An,2.,3 Ab81 .8\ Or6.1) 29 - 32 (An,.3 Ab94•91 Or\.2)
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3 - 6 (XM8: 0.52) 4 - 7 (XM8: 0.41) -10 (XMg: 0.43-0.47) 8 - 18 (XMg: 0.42-0.43)
1 - 2 (XMg: 0.54) I - 4 (XMg: 0.52) 1 - 2 (XMg: 0.60) 2 - 3 (XMg: 0.66)
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35-44
10-15 (Or92.96 Ab7.3)
35-40 (An2IJ.30 Ab79-20)
10-19 (XMg: 0.50-0.53)
- 5 (XMg: 0.62-0.66)
Plagioclase
MineraJoJ::)' (vol.%)
Quartz
Alkali feldspar
Contact aureole
Defonnation features
Plutoo oames
Biotite
Primary Muscovite
Accessories
Apatite
Titanite
Monazite xx
Tourmaline x
Zj~n xx
Chlorite S
Muse/Sericite s
Jlmenite xx
Magnetite x
~~ x x
Metased. xenoliths xx x
Classification (OAP) fl,fanodiorite monzofl,fanite
Ioberiteoce old zircon core old zircon core
Enclaves Surmicaceous idier 1973 sunnicaceous
Mineralization
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phases and a third minor shear deformation phase
(Tables 1 and 2). The first deformation event (DI) is
represented by E- W to ENE-trending ductile structures
and affects only the lower Kibaran lithostratigraphic
units (Mitwaba units). D2 is represented by NE-trend-
ing (N20° to 50oE) fabrics representing the major defor-
mational features affecting both the Mulumbi and
Mitwaba lithostratigraphic units in the region (Table 1,
Kokonyangi et aI., 2001, 2003a,b). Supracrustal rocks
as well as granitoids occurring close to the southwest
margin of the Kifinga - Kisele batholith are intruded by
numerous quartz veins and pegmatite bodies with tin
and colombite-tantalite mineralization. The Kifinga-
Kisele batholith is surrounded by four mines (Fig. 3),
among which the Tompwe deposit is significantly rich
in colombite-tantalite.
Two generations of mineralized pegmatites and
quartz veins have been distinguished from the field
observations: the oldest (PI, Fig. 7a) are very coarse
grained and carry D2 fabrics that affect the mineraliza-
tion. They contain quartz, muscovite, albite-oligoclase,
beryl, cassiterite, colombite-tantalite, tourmaline and
garnet. Some tin-bearing quartz veins are folded with
axial planar cleavage parallel to D2 fabrics in metased-
imentary and host granitic rocks (Fig. 7d).
The second generation (P2) is composed of larger
bodies containing some aplitic portions within it (Figs.
5b, 7b and c). Within P2, mineralized and non-miner-
alized bodies have been identified. The mineralized
bodies contain cassiterite, monazite, topaz and green
tourmaline, in addition to the mineralogy identified in
the PI but are garnet and colombite-tantalite-free. Most
of P2 are generally oriented E- W to NW -SE and exhibit
sharp contact with host granite, developing chilled mar-
gin and crosscutting the D2 fabrics (Fig. 7c). Younger
and undeformed quartz veins associated with P2 contain
also cassiterite without colombite-tantalite. Figure 8b
indicates that most of mineralized quartz and pegmatite
veins in Mitwaba are oriented N25° to N50oE, parallel
to the major D2 structural trend.
6. Discussion
In the Kibaran belt of central Africa, the Kalima
and Mitwaba Tin Provinces documented in this paper
include several mined tin and colombite-tantaJite deposits
distributed around the Kalima and Kifinga - Kisele granitic
batholiths (Figs. 2 and 3). Two generations of peralu-
minous granites have been defined in the Kibaran belt;
the oldest emplaced ca. 1.38 Ga (Kokonyangi et aI.,
2003a, b) and the second represents the tin - granite sug-
gested to intrude between 1.0 and 0.95 Ga (Ikingura et
al. 1992; Romer and Lehmann, 1995). This second
generation of S -type granite is particularly interesting
since it contains fabulous tin -group mineralization
hosted in quartz and pegmatite veins.
Field and structural observations indicate that min-
eralized pegmatite and quartz veins are younger than the
syn - DI, 1.38 Ga peraluminous granitoids. Detailed
small - scale mapping and structural investigations of tin
and co10mbite - tantalite- bearing quartz and pegmatite
bodies from the individual ore deposits allow distin-
guishing two vein - type metallogenic groups; the cassi-
terite and colombite-tantalite group (PI-type veins) and
the cassiterite-coJombite-tantalite free group (P2-type
veins) (Fig. 5a,b and 8b). The PI-type vein mineral-
ization makes over 70% of mineralized ore (Figs. 6a-
e) and are preferentially oriented NE-SW, which is the
trend of the second deformation event (D2) in the
Kibaran belt. Pegmatitic bodies related to this genera-
Table 2 Lithostratigraphy and structural features inthe Mitwaba area
Group Phase Characteristic structures Lithologies
Tambo chlorite-schist
0) * S-shape folds (F) with associated Nambia biotite-chlorite-schist
S) (N25-30E) mylonitic foliation Lwende biotite-schist
Mulumbi O2 * S2 NE-tTending (N25-45E) regional Kabelo quartzite
schistosity associated to F2 meso Konga quartzite
and megascopic isoclinal folds Kataba conglomerate
0) * Local shear zones trending NE-SW
and associated S) foliation Kalumengongo chloritoid-schist
Mitwaba O2 * S2 schistosity and associated Kananda mica-schist
minor folds Mitwaba psarnmitic schist
0 1 * SIschistosity axial planar cleavage Makanda biotite-schist
ofFImesoscopic Z-shape folds Kifinga gamet-sillimanite-
biotite-schist
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Fig. 6 Small scale detailed mapping of important tin - group open pits distributed around the Kalima batholith. a.
Bengombiri open pit, b. Masimelo open pit, c. Masimelo open pit closeup, d. Kwanga open pit. Note that most
of the mineralized veins are NE-trending, parallel to Dz fabric in the 'Kalima Tin Province. In fig. 6c some
quartz veins are folded with axial planes parallel to the trend of S2 foliation. See text for details.mineraliza-
tion (PI-type) in Bengombiri open pit (western KaIima).
Fig. 6b Continued (Legend as in Fig. 6a).
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tion are generally coarse grained and contain both cas-
siterite and colombite-tantalite crystals in addition to
the following minerals: quartz, muscovite, albite-oligo-
clase, beryl, tourmaline and garnet. The pegmatite of
the PI - type and related quartz veins are foliated, some-
times folded, with axial planar cleavage parallel to S2
fabrics in the host rock (e.g. Fig. Sa, 6c, 7a and d). In
contrary, the second generation of mineralized quartz
and pegmatite veins (P2-type vein) is undeformed and
truncates the PI-type veins (e.g. Fig. Sa and 7b) and
contains only cassiterite (Fig. 7c) and monazite in addi-
tion to minerals observed in the PI, while colombite-
tantalite and garnet are absent. The quartz and peg-
matite veins belonging to the P2-type generation cross-
cut the DI and D2 Kibaran fabrics consistent with their
post - kinematic emplacement.
The timing of formation of these Kibaran vein -type
mineralization is not well constrained. In general, based
on 1.0-0.95 Ga Ar-Ar (mica) and V-Pb (colombite)
ages performed on the Kibaran tin - granite, the forma-
tion of tin - group mineralization is commonly taken to
postdate the Kibaran orogeny by previous authors
(Cahen et aI., 1984; Ikingura et aI., 1992; Romer and
Lehmann, 1995). However, the general NE-trend of PI
mineralized veins parallel to the D2 fabrics and their dis-
tribution pattern in Figures 6a-e and 8 indicate the syn-
D2 formation of the PI vein -type mineralization. The
age of the D2 event in the Kibaran is not fully con-
strained, but was proposed to be ca. 1.08 Ma based on
the U - Pb SHRIMP ages obtained on low Th/U meta-
morphic zircons from the Mitwaba granitoids
(Kokonyangi et aI., 2003a). Considering the syn - D2
formation of the PI pegmatite and quartz veins, we
assume that this age represent possibly the minimum
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time of formation of this mineralization in the Kibaran
Tin Provinces.
Tin - beari ng pegmati tic bodies are younger than the
age of Kalomo bathol ith in the Mesoproterozoic Choma-
Kalomo block exposed in southern Zambia (Hanson et
al. 1988). K - AI' dating of muscovite from the m iner-
alized pegmatite in this area yielded ages between 1045
± 30 and 1050 ± 40 Ma (Snelling, 1972). Considering
the error on the K - AI' data, these ages correspond to
the U - Pb SHRIMP data of ca. 1.08 Ga and therefore
set the D2 deformation event and coeval mineral ization
in both the Kibaran and Choma-Kalomo block of south-
ern Zambia.
Undeformed quartz and pegmatite veins (P2) trun-
cate D2 fabrics and therefore are younger than this
event. Late to post- Kibaran tin granites were dated ca.
1.0-0.95 Ga in the Kibaran segment exposed in the
northern part of the belt (e.g. Ikingura et aI., 1992;
Romer and Lehmann, 1995). This age can set the time
of formation of the P2, post-kinematic mineralized
veins, but geochronological data are still insufficient for
a definite conclusion to be taken.
7. Conclusions
Based on the above data, the following conclusions can
be drawn:
l. Tin and colombite-tantalite mineralization are
linked to the Kibaran peraluminous granites.
2. Field observations and small scale mapping of
individual mines allow identification of two types
of mineralized veins (PI and P2-types). The for-
mation of PI-type veins was probably synchronous
with respect to D2 deformation phase whereas that
of P2-type veins postdates the D2 event. This
indicates that all tin-group mineralization are not
post-Kibaran as previously believed by earlier
authors, but over 70% of mineralized veins are
syn-kinematic D2, at least in the investigated
areas.
3. The timing of formation of the PI-type veins host-
ing tin and colombite-tantalite mineralization is
proposed to be ca. 1.08 Ga which is the time con-
strained for the D2 deformation in the Kibaran.
This age is similar to a K-Ar age suggested for
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Fig. 7 Field photographs From Mitwaba Tin Province. a. Mineralized pegmatite (PI-type) showing pronounced S2 foli-
ation affecting also the mineralization. b. disseminated tin mineralization in undeformed pegmatite body (P2-
type). c. Post-tectonic pegmatite truncating D2 fabrics. The hammer shows the trend of the S2 foliation. Note
a chilled margin at the contact pegmatite (younger) and the monzogranite gneiss (older). d. Folded quartz vein
(PI-type) with axial plane parallel to S2 in the host rock.
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Fig. 8 Rose diagrams showing: a. trend of foliation (SI and S2) in granitoids and host sedimentary rocks
in Mitwaba Tin Province. b. Major trends of quartz and pegmatite veins in Mitwaba Tin Province.
Note that as in Figures 6a-d, most of mineralized quartz and pegmatite veins are oriented N25
to N50, parallel to D2 fabrics. See text for details.
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the emplacement of mineralized pegmatite body in
the Choma - Kalomo block of southern Zambia,
indicating that in both segments of the
Mesoproterozoic Kibaran belt of southern Africa,
the mineralization could have been coeval.
However, the timing of formation of the P2-type
veins remains uncertain.
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